Background and aim: The prevalence of the hepatitis B virus (HBV) is higher in adults than in children. We determined the seroepidemiology of HBV infection in an adult population in JiLin, China, to guide effective preventive measures. Methods: A cross-sectional serosurvey was conducted throughout JiLin, China. A total of 3833 people was selected and demographic and behavioral information gathered. Serum samples were tested for HBV markers and liver enzymes. Results: The prevalence of the hepatitis B surface antigen (HBsAg), the antibody to the hepatitis B surface antigen (anti-HBs), the hepatitis B e antigen (HBeAg), the antibody to HBeAg (anti-HBe), and the antibody to the hepatitis B core antigen (anti-HBc) were 4.38%, 35.66%, 1.38%, 6.65%, and 40.88%, respectively. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were significantly higher among HBsAg (+) than HBsAg (-) subjects. By multivariate logistic regression analysis, independent predictors for chronic HBV infection were smoking, poor sleep quality; occupation as private small-businessmen, laborers, or peasants; male gender; family history of HBV; personal history of vaccination; and older age. Independent predictors for exposure to HBV were large family size, occupation as a private small-businessman, male gender, family history of HBV, personal history of vaccination, and older age. Independent predictors for immunity by vaccination were occupation as a private small-businessman, high income, personal history of vaccination, and young age. Independent predictors for immunity by exposure were drinking, male gender, personal history of vaccination, and older age. Conclusions: The prevalence rate of HBV infection (4.38%) was lower than the previous rate of general HBV vaccination. However, 44.59% of the population remained susceptible to HBV. The prevalence of HBV infection was high in young adults, private small-businessmen, peasants, those with a family history of HBV, and males. Therefore, immunization of the non-immune population is reasonable to reduce hepatitis B transmission between adults.
Introduction
The Hepatitis B virus (HBV) causes liver infection that can be life-threatening and often leads to chronic liver disease, liver cirrhosis, and liver cancer. HBV infection is a major global health problem [1] .
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However, to date, relatively little data are available concerning HBV infection in China. An epidemic survey published in 2006 revealed that 7.18% of China's population was hepatitis B surface antigen (HBsAg)-positive. Therefore, China is still considered to be a highly endemic region [2] [3] . There are about 93 million HBsAg-positive subjects in China, of whom about 20 million have chronic hepatitis B infection. Around half-a-million Chinese patients die from hepatitis B-related liver carcinoma and end-stage cirrhosis each year [2] . There is no ideal and specific cure for HBV infection. The economic burden of HBV infection is substantial because of high morbidity and mortality associated with end-stage liver disease, cirrhosis, and hepatocellular carcinoma (HCC) [4] .
The modes of transmission of HBV vary between different regional, gender, and age groups [4] . The sources of infection of hepatitis B are mainly chronic hepatitis B patients and asymptomatic viral carriers. Infection and viral replication have been confirmed by the presence of HBV DNA in body fluids [5] . The main modes of transmission include mother-to-child transmission and blood and body fluids transmission, as well as sexual transmission. Perinatal transmission is believed to account for 35-50% of carriers although horizontal transmission is also important, particularly within families [6] .
The national expanded program on immunization was instituted in China in 1992. As of December 2007, 171 counties reported that they had included the hepatitis B vaccine into their national infant immunization programs [7] . In China, babies are given the hepatitis B vaccine at birth. The national infant immunization program focuses on blocking mother-to-child transmission of hepatitis B. The vaccination program has produced encouraging initial results in China. The prevalence of HBsAg was 0.96% and 2.42% in children aged 1-4 and 5-14, respectively [8] [9] [10] . In addition to infant immunization, some adult members of China's population have been vaccinated voluntarily, outside national vaccination programs. However, older age groups, especially adults, have not received sufficient attention. Despite the availability of safe and effective HBV vaccines for over 20 years, strategies targeting risk groups have failed to sufficiently control hepatitis B transmission in the current population. HBV transmission has become an important mode of infection in adults, mainly because of difficulties in risk identification and in program implementation. Therefore, we conducted this study to determine the prevalence of HBV infection and the major independent risk factors for HBV transmission in an adult population in northeast China.
Materials and Methods

Design and study population
A cross-sectional seroepidemiologic study of HBV was carried out in Dehui, Jilin, China in 2007 (population approximately 410,600). Dehui is located 81 km from Changchun, the largest city in the area. There are 308 villages and 51 neighborhood committees in Dehui. Earnings of most inhabitants of Dehui are in the middle of the income range. The sex and age distribution of inhabitants are similar to those of JiLin in general. Therefore, Dehui City is representative of other areas in the province in terms of the level of economic and cultural development.
A two-stage, tiered-system sampling method was used. This survey was comprehensive and included geographic, economic, cultural, and other parameters. The first survey covered rural areas while the second covered urban areas. Each stage was divided into two layers. In the first layer, the populations of the villages or neighborhood committees were sorted, and the villages or neighborhood committees were selected by a computer according to the principle of equidistant random samples of the population size. We selected 9 villages and 11 neighborhood committees. In the second layer, the households were marked by the distance from the center of the villages or neighborhood committees, and they were selected according to the principle of equidistant random samples of the distance. Then, 150-200 or 80-100 households were computer-selected in villages or neighborhood committees, respectively. A sample of the general population in the selected households consisting of individuals who were at least 18 years of age and had lived in the same area for more than 10 years was selected using a systematic random 1-in-3 sampling procedure from the census list, which had been updated on February 1, 2007. We defined sample sizes of urban and rural groups according to the formula for the estimation of sample size: N = (t/d) 2 *(1-p) / p (t=1.96, p=0.09 and d=0.1.5) [11] . The samples were 1600 and 2400, based on the ratio of urban and rural populations of the area, respectively, and the total was 4000 (more than the value N).
In the end, 3833 people agreed to participate in the study, and their serum samples, demographic information, and behavioral factors were collected. The response rate was high (95.8%, 3833/4000). When we analyzed the relationship between HBV markers and liver enzymes, we excluded 75 people who had abnormal autoantibodies, ceruloplasmin, and iron tests. They consisted of 30, 29, 16 people, respectively. In addition, 98 people were excluded who reported consuming at least 40 g of alcohol per day, and 45 hepatitis C virus (HCV)-positive people were excluded in the analysis of the relationship between HBV markers and liver enzymes.
Data collection and blood sampling
The study team consisted of physicians and nurses who were trained in the survey methods in order to standardize the data collection, interviews, blood drawing, and handling of serum samples. The selected participants were asked to fast overnight (≥8 h) and attend the local health center during their scheduled appointment. The selected subjects were visited at home if they could not attend the local health center. An interview using a structured questionnaire was conducted at the time of the participant's visit. The questionnaire included the following questions: (1) Do you sleep well? (2) Do you smoke? (3) Have you stopped smoking? (4) How long have you been smoking? (5) Do you drink alcohol (the number and type of drinks per day)? (6) Have you donated or received blood? (7) How many people are in your family? (8) What is your ethnicity? (9) What is your occupation (peasant, laborer, small private businessman or cadre official)? (10) How many years did you study? (11) What is your yearly income? (12) Have you been vaccinated for HBV (yes/no)? (13) Do you have a family history of HBV? Information on demographics and behavioral factors was obtained. The study protocol was approved by the Institutional Review Board of the First Hospital of JiLin University. After written informed consent was obtained, blood samples were taken from each participant for seroprevalence analyses. Sera were stored at -20 0 C until tested at the First Hospital of JiLin University. Anthropometric measurements including height, weight, and waist and hip circumference were conducted by well-trained examiners on individuals wearing light clothing. Waist circumference was measured to the nearest 0.1 cm at the midpoint between the lower borders of the rib cage and the iliac crest. Abdominal ultrasonography was performed to detect the presence of fatty infiltration in the liver by physicians specializing in diagnostic imaging, all of whom used standard criteria in evaluating the images for hepatic fat [12] . Fatty liver was diagnosed by concurrence of 3 ultrasonographers, who were unaware of the subjects' clinical and biochemical status. The results were supplemented by the liver-spleen density gradient (LSDG) determined with the non-contrast abdominal computer tomography (CT) in the local hospital.
Serological testing
In order to differentiate between the various possible stages of HBV infection, a combination of tests consisting of HBsAg, the antibody to hepatitis B surface antigen (anti-HBs), the hepatitis B e antigen (HBeAg), the antibody to HBeAg (anti-HBe), and the antibody to hepatitis B core antigen (anti-HBc) was performed using a commercial ELISA method. HCV antibody, ANA, ceruloplasmin, and iron studies were assayed by standard methods with kits from Ke Hua (Shanghai, China). Persons who tested negative for all HBV markers were classified as HBV-susceptible. Participants who were both anti-HBc-and anti-HBs-positive were classified as having been exposed to hepatitis B and possessed immunity (immunity by exposure). Persons who tested anti-HBc-negative and anti-HBs-positive were classified as most probably vaccinated (immunity by vaccination). Liver enzymes, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), and -glutamyl transpeptidase-GTP), were evaluated by standard methods using kits from Ke Hua (Shanghai, China). Normal values were considered as: 10-40 IU/L for AST, and 5-40 IU/L for ALT, and <50 IU/L for -GTP. All laboratory analyses were performed at the First Hospital of JiLin University. Individuals having one or more of the four following criteria were defined as having hyperlipidemia:
Statistical analysis
Statistical analyses were performed using SAS software (version 8.0). The overall prevalence of HBV markers among the population in the country was calculated with 95% confidence intervals (CI). The association between the demographic and behavioral variables and the biochemical indicators and prevalence of hepatitis B markers was evaluated using the Chi-square test. Multivariate logistic regression analyses were used to assess the independent demographic and behavioral predictors of chronic infection (HBsAg seropositivity), lifetime exposure to HBV infection (anti-HBc seropositivity), immunity by vaccination, and immunity by exposure. In the immune-by-vaccination group, 9 patients had acute hepatitis B infection (HBsAg positive) and were excluded from the analysis.
The independent variables used were: region of residence, drinking, smoking, sleep quality, blood transfusion, blood donation, family size, ethnicity, occupation, education level, income, gender, personal history of vaccination, family history of HBV, and age. The family size in the household was categorized as small (less than five persons) vs. large (five or more persons per household). Educational level was defined by the highest educational level achieved and was classified based on years of education as group 1 (<8 years) or group 2 (≥9 years). Drinkers were defined as individuals whose alcohol consumption was more than 200 g per week for more than 4 consecutive years. Smokers were defined as individuals who smoked 10 or more cigarettes a day for more than 4 consecutive years. A two-sided P < 0.05 result was considered statistically significant.
Multivariate logistic regression analyses were also used to assess the relationship between the abnormal liver enzyme tests with HBsAg (+) vs. HBsAg (-), (HBsAg (+) and HBeAg (+)) vs. (HBsAg (+) and HBeAg (-)) groups. The other independent variables were region of residence, drinking, smoking, sleep quality, blood transfusion, blood donation, family size, ethnicity, occupation, education level, income, gender, body mass index (BMI), age, fatty liver, and hyperlipidemia. A two-sided P < 0.05 result was considered statistically significant.
Results
Demography of the study cohort
A total of 3833 serum samples was valid and was obtained from 1,778 males and 2,055 females in the age group 18-79 years with 37.7% (1445/3833) from urban and 62.3% (2388/3883) from rural areas.
Serological markers of hepatitis B immunity
The results showed that the HBsAg (+) rate was 4.38%, 95% CI 3.74 -5.03, and 1.17% were carriers [HBsAg (+) and HBcAb (+)]. Anti-HBs was positive in 35.66% (95% CI, 34.15-37.18%) (n=1367) of the serum samples. Of the 1367 anti-HBs-positive participants, 471 (12.29%) were anti-HBc-negative, indicating that their antibody status was probably due to hepatitis B vaccination. Of the serum samples, 44.59% were negative for any HBV marker. The latter were non-HBV immune and needed hepatitis B vaccination; 0.52% of the samples were HBsAg, HBeAg, and anti-HBc positive, indicating active virus replication (Tables 1, 2 ). The seroprevalence of anti-HBc or immunity by exposure increased with age, but the percent of susceptible seroprevalence of HBsAg and immunity by vaccination had the opposite trend (Fig. 1, Table 5 ).
Univariate, multivariate analysis of serum tests (N=3833-218=3615)
We excluded 218 people who had abnormal autoantibodies, ceruloplasmin, or iron tests; those who were HCV-positive, or those who reported consuming at least 40 g of alcohol per day. There were 3165 people in total. Abnormal ALT and AST tests were elevated in persons in the HBsAg (+), HBsAg (+), and HBeAg (+) groups. However, the abnormalities in -GTP levels were not found to be significantly different between HBsAg (+) vs. HBsAg (-) or HBeAg (+) vs. HBeAg (-) with HBsAg (+) groups (Table 2) . Multivariate logistic regression analyses were used to assess the relationship among the abnormal liver enzyme tests with HBsAg (+) vs. HBsAg (-) and HBeAg (+) vs. HBeAg (-) with HBsAg (+) groups. The results were not changed when other risk factors were considered (Table 3 ). The rate of abnormal ALT tests (23.81%) was higher than that of abnormal AST tests (17.26%) and γ-GT tests (7.7%) in HBsAg (+) subjects, especially those who were HBeAg (+). Abnormal ALT tests were more frequently abnormal compared with other liver enzyme tests in HBV subjects.
Multivariate logistic regression analysis of HBsAg
In univariate analysis, HBsAg was significantly associated with smoking, sleep quality, occupation, gender, personal history of vaccination, family history of HBV, and age (Table 5) .
On multivariate analysis, seroprevalence of HBV remained negatively associated with personal history of vaccination and age. People in the 18-29 age group had a greater likelihood of having been infected by hepatitis B [HBsAg(+)], and a negative trend was seen with age. In contrast, a positive association was present with smoking, bad sleep quality, being a peasant, laborer, or private small-businessman, family history of HBV, or male (Table 6 , Fig.1) .
Risk factors such as region of residence, blood transfusion, blood donation, ethnicity, and education level are negative in all the analyses, and Tables 5 and  6 do not show them.
Multivariate logistic regression analysis of anti-HBc
In univariate analysis, anti-HBc seropositivity was significantly associated with smoking, large family size, family history of HBV, male gender, and personal history of vaccination and age (Table 5) .
On multivariate analysis, there was a positive association with large family size, being a private small-businessman, male, personal history of vaccination, family history of HBV, and older age. People in the 18-29 age group had a lower likelihood of having been exposed to hepatitis B [anti-HBc (+)] and a positive trend was seen with age (Table 6) .
Multivariate logistic regression analysis of serological markers consistent with vaccination (immune by vaccination)
In univariate and multivariate analysis, immunity by vaccination was significantly associated with cadre officials, high income, personal history of vaccination, and young adults. People in the 18-29 age group had a greater likelihood of having been immunized by vaccination for hepatitis B, compared with those over age 70. They had a 64.4% lower chance of having been vaccinated compared with the youngest group, and a negative trend was seen with age. (Table 6, Fig.1 ).
Multivariate logistic regression analysis of subjects with serology consistent with immunity post-infection (immune by exposure)
In univariate and multivariate analysis, immunity by vaccination was significantly associated with non-drinking, gender, personal history of vaccination, and young adult age. People in the 18-29 age group had the lowest likelihood of having been exposed to hepatitis B, and a positive trend was seen with age (Table 6 , Fig. 1 ). HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; -GTP, -glutamyl transpeptidase.
*P <0.001 vs HBsAg (-) subjects, ** P <0.001 vs HBsAg (-)and HBeAg (-) subjects HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; -GTP, -glutamyl transpeptidase;
Odds ratios with 95% confidence intervals were adjusted for region of residence, drinking, smoking, sleep quality, blood transfusion, blood donation, family size, ethnicity, occupation, education level, income, gender, BMI, age, fatty liver, and hyperlipidemia. 
Discussion
Dehui City is representative of JiLin in general because of most of the inhabitants' earnings in the middle of the income range, the sex and age distribution, and the level of economic and cultural development in the province. A multistage, tiered-system sampling method used to control selection bias provided a study sample that was a good representative of the target population in JiLin.
HBV infection is considered a major public health problem in China [13] . The present study was conducted with a systematic epidemiological approach to the current prevalence of HBV infection in northeast China. At present, according to our findings, it seems that 40.88% of the population of northeast China was anti-HBc (+), implying they had been exposed to HBV. Our findings indicate that the seroprevalence of HBsAg as measured in the present study (4.38%) has been reduced by more than two-fold in China compared with the rate (9.75%) in the pre-vaccination era, and was lower than the rate (7.18%) in the National Epidemiological Survey from 2006 [14] . Northeast China, thus, currently qualifies as an intermediate endemic region [3] . The presence of HBeAg in serum indicates active viral replication [15] . Young adults (18-29 years) have been reported to have high rates of HBeAg-positivity (1.62%, 8/499), and the rate of positivity decreased with age due to the spontaneous seroconversion to the antibody against HBeAg. Older carriers have been shown to be more likely than younger carriers to clear HBeAg [16] .
Comparisons between various groups with chronic HBV infection showed that the increased liver enzyme levels were significantly higher in HBsAg (+) people compared with HBsAg (-) people. Moreover, people positive for both HBsAg and HBeAg were more likely to have abnormal values of liver enzymes compared with HBsAg carriers negative for HBeAg. Thus, measurement of aminotransferase levels remains the most common and convenient way to identify liver inflammation in patients with chronic HBV infection. But the relationship may be better established by serial observations and analysis rather than by a single examination of aminotransferase levels [17] . ALT levels have been correlated positively with liver inflammation, and patients with persistently normal ALT levels had significantly lower liver histology scores compared with patients with either persistently or intermittently elevated ALT levels [18] [19] .
The higher prevalence of HBV infection among males in northeast China is in agreement with recent seroprevalence studies conducted in Hawaii [20] . HBsAg positivity rates were higher in private small-businessmen, peasants and laborers, persons with risky social activities or unhygienic living habits, and other factors. These factors may increase the risk of contact and rate of infection compared with cadre officials [20] . These differences were correlated with a high infection rate, but further investigations are needed for better understanding the mechanisms of these relationships. The relationship between age and HBsAg prevalence that was found in the current study has also been reported elsewhere, most notably by serologic surveys in Korea [21] . Significantly lower risk for HBsAg positivity in older persons might have resulted from a spontaneous clearance of HBsAg over time (a 40% cumulative rate of HBsAg seroclearance has been observed among HBV carriers after 25 years) [22] . In addition, mortality due to HBV-related sequelae may lead to decreased prevalence in older age (probability of survival is 84% at 5 years and 68% at 10 years for HBsAg (+) patients with compensated cirrhosis) [20] .
Regarding family size and family history of HBV, HBV is more frequently transmitted in the families with hepatitis B patients [23] . The difference in sex ratio in persons aged 18-29 years versus 70 or older, age 30-49, or age 50-69 was statistically significant. There were more males in the younger than older age groups (data not shown). The factors of male gender, personal history of vaccination, and being a private small-businessman had interactive effects with age in HBV infection and exposure to HBV. There may have been a confounding effect in the independent risk factors which were synergistic. The reason for the sex difference is unclear. It could have been due to differences in the immune response to the HBV infection [24] . Infection at birth, risky sexual behavior, or drug use were the main reasons identified for HBV infection of young people in other parts of the world [25] . These data may also explain why the risk in older persons was lower than that in the younger group [24] .
The prevalence of HBV infection was found not to be different between rural and urban areas (data not shown). On the other hand, living in a rural area was not found as a risk factor for transmission of hepatitis B. Some studies have reported that there was a significant seropositivity difference between rural and urban regions [20, 26] . There are 56 ethnic groups in China and the lifestyle of the minority ethnic population is considerably different from the Han majority ethnic population. Ethnic differences and HBV infection have not been well described in northeast China. We investigated possible differences among ethnic groups, but found no association between HBV contact, infection, and ethnicity. However long-term poor quality of sleep may inhibit the immune response, resulting in poor defense, and HBV infection [27] .
In the current study, 44.59% were negative for all hepatitis B markers. This high proportion of the population is disturbing, but not very surprising because the impact of the national infant immunization program would not have been seen in the age groups studied. The large number of residual susceptible individuals found in this study reflects the inadequacy of voluntary adult vaccination that occurred outside the national vaccination campaign. Hepatitis B vaccine failure has been reported to occur in 5%-10% of individuals completing a full course of three doses [28] , but this would explain less than half of the seronegative results.
Adult vaccination has already had a substantial effect on the general level of hepatitis B immunity in China. In this cohort of people from JiLin province, almost 35.66 % (1367/3833) were immune, and 12.28% of this immunity was attributable to vaccination rather than natural infection. The immunity rate from past infection is higher than the 5% rate reported in blood donors in 1987-before vaccination became widespread [29] .
The substantial impact of adult vaccination was greatest among people who were aged 18-29, had high income, were cadre officials, had a personal his-tory of vaccination, and were not concentrated in the demographic or lifestyle risk groups for whom vaccination is officially recommended. This represents an ongoing public health challenge. At the same time, primary hepatitis B vaccine failure and rapidly declining anti-HBs titres after vaccination may also affect the effectiveness of the immunity program [28] . People in the youngest age group had a greater likelihood of being currently immune by vaccination against hepatitis B, compared with those aged over 70 having significantly (64.4%) less chance of being immune by vaccination. But males in the older age group likely became immune by exposure. The reason may be related to immune maturation and opportunities for exposure to HBV to generate antibodies, resulting in seroconversion [23] . Booster doses of the hepatitis B vaccine are regarded as unnecessary on the premise that a rapid anamnestic response will occur on challenge [30] , and this policy is supported by the demonstration of antibody production after booster doses of the vaccine and the lack of reports of acute icteric hepatitis among -high risk‖ vaccinees [31] [32] . Personal history of vaccination was determined by patient recall which affects the accuracy and impact of the study. We do not know vaccination age, Hep B genotype, vaccination doses, number of inoculated, and duration of HBV infection. However personal history of vaccination was associated with decreasing HBsAg-positivity and increasing HBsAb positivity. The positive results increase our confidence in the use of the vaccine [8] .
The multivariate logistic regression analysis showed that independent predictors for chronic HBV infection and exposure to HBV were family history of HBV, and large family size. This does not identify a mode of transmission, but suggests that vertical and sexual transmission may be involved as they are well known risk factors. Further studies will be required to determine the actual modes of transmission.
Therefore, vaccination program for all newborns should be continued. Susceptible adults whose HBV markers are all negative should have repeat or catch-up immunization, especially those individuals who have risk factors of having poor sleep quality, being private small-businessmen, having a family history of HBV, having no personal history of vaccination, and being a young male adult. HBV carriers need to be closely monitored or treated. The findings of the current study add to the knowledge of hepatitis B epidemiology in areas with sizable high-risk groups, demonstrating the importance of screening programs for hepatitis B. Mass screening permits baseline estimates of prevalence and provides insight into appropriate vaccination strategies. Furthermore, because of China's high incidence of hepatitis B-related hepatocellular carcinoma, screening programs are clinically significant for facilitating referral of newly diagnosed cases to appropriate medical care [31, 33] .
Conclusions
Strong associations between HBV infection or immunity were observed regarding the gender, occupation, personal history of vaccination, and age in adults. There has been a decrease in the prevalence of HBV infection since the National Expanded Program on Immunization. Mother-to-fetal vertical transmission of HBV is well controlled. Transmission between adults has become the most common mode of HBV spread. While the survey focused on a region in northeast China, it is likely that similar results may be found elsewhere in the country. Identifying groups at risk for susceptibility can assist in the development of national strategies to target specific groups for cost-effective salvage vaccination programs for adults in the future.
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